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Previews2006). Importantly,more-erect leaves also
increase light capture for photosynthesis
and hence plant performance, high-
lighting how physiology and development
are connected. However, the underly-
ing cellular and molecular mechanisms
related to BR signaling in regulating leaf
erectness remained unclear until now.
In this issue of Developmental Cell, Sun
et al. (2015) report that leaf erectness is
dependent on the number of scleren-
chyma cells located in the abaxial (facing
away from the main axis of the stem)
part of the lamina joints (Figure 1). By pur-
suing a lamina joint-enriched microarray
analysis and following tissue-specific
expression analyses, the authors uncov-
ered a function of the U-type cyclin
CYCU4;1 in controlling the division of
abaxial sclerenchyma cells (Figure 1).
Flowering plants contain a vast number
of cyclins that usually bind and activate
their kinase partners (cyclin-dependent
kinases, CDKs). In the case of rice,
approximately 50 cyclins have been
grouped into nine classes (La et al.,
2006). While a regulatory network is
emerging for the core cyclins, i.e., A-, B-,
and D-type cyclins, in controlling progres-
sion through the cell cycle (Harashima
et al., 2013), the function of the remaining132 Developmental Cell 34, July 27, 2015 ª2cyclins, including U-type cyclins, is only
poorly understood.
Here, the authors found that U-type cy-
clins build an active complexwithCDKA, a
key regulator of DNA synthesis in Arabi-
dopsis (Nowack et al., 2012). Indeed,
the authors find that overexpression of
CYCU4;1 leads to increased proliferation
of sclerenchyma cells. Subsequent ge-
netic and biochemical experiments re-
vealed that the BR-activated transcription
factor BES1 binds to the CYCU4;1 pro-
moter directly to inhibit its expression.
In addition, the GSK3-like kinase BIN2,
which has been shown to be a negative
regulator in the BR signaling pathway,
interacts with and phosphorylates
CYCU4;1 to activate the CYCU4;1-CDKA
complex. These results support a key
role of CYCU4;1 in mediating BR-regu-
lated cell division to control leaf erectness.
250 years after Frederick the Second, it
is still one of the greatest challenges of hu-
mankind to increase the efficiency of land
use, not only to increase productivity but
also to protect the last reserves of biodi-
versity. By identifying CYCU4;1, Sun
et al. (2015) not only reveal a part of the
intricate molecular underpinnings of leaf
angle control in rice but also identify a
target that potentially allows for increased015 Elsevier Inc.land-use efficiency via its genetic modifi-
cation. This works also shows that we
are just at the beginning of understanding
how cell proliferation is controlled in
plants, especially at the interface between
development and physiology.REFERENCES
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Autophagy is involved indiversecellular functions throughdegradationof various intracellular constituents, and
hence must be tightly controlled. A recent study by Hu et al. (2015) in Nature Cell Biology adds a new layer of
autophagy regulation, involvingTorkinase-drivendegradationofmRNAsencodingautophagy-relatedproteins.Autophagy is a highly conserved degra-
dation system in eukaryotic cells (Nakato-
gawa et al., 2009; Yang and Klionsky,
2010). During autophagy, double-
membraned vesicles called autopha-
gosomes enclose various cytoplasmiccomponents, including proteins, ribo-
somes, and even whole organelles, and
deliver them to lysosomes or vacuoles,
which contain a wide array of hydrolases.
Autophagy can thus degrade a large
variety of cellular macromolecules andmacromolecular assemblies. Reflecting
its wide-ranging targets, autophagy plays
important roles in diverse cellular activ-
ities and is also involved in a number of
human diseases (Mizushima and Ko-
matsu, 2011; Schneider and Cuervo,
Figure 1. Schematic Model for Autophagy Regulation by TORC1-
Driven Degradation of Autophagy Gene Transcripts
The RCK-family RNA helicase Dhh1/Vad1/DDX6 (RCK) forms a complex with
the mRNA decapping enzyme Dcp2. In the presence of nutrients (left), TORC1
is active and phosphorylates Dcp2, leading to the recruitment of the Dcp2-
RCK complex to the mRNAs of autophagy-related (ATG) genes, followed by
degradation of decapped mRNAs by the exoribonuclease Xrn1. In nutrient-
limiting conditions (right), TORC1 activity decreases, and Dcp2 phosphoryla-
tion is therefore attenuated. The accumulation of ATG mRNAs results in an
increase in Atg protein levels, leading to autophagy induction.
Developmental Cell
Previews2014). Unregulated auto-
phagy would be fatal to cells,
and indeed, previous studies
revealed that cells employ
several layers of autophagy
regulation, including tran-
scriptional regulation and
posttranslational protein
modifications (Feng et al.,
2015; Nakatogawa et al.,
2009).
Autophagy is strongly
induced by starvation, which
promotes random degrada-
tion of part of the cytoplasm.
The degradation products
are then utilized for cell sur-
vival. In this context, target
of rapamycin (Tor) kinase
forms a key regulatory com-
plex, TORC1, which downre-
gulates autophagy under
nutrient-replete conditions
by repressing transcription
of autophagy-related (ATG)
genes or by directly phos-
phorylating Atg proteins to
suppress their functions inautophagosome formation (Feng et al.,
2015). TORC1 is inactivated under starva-
tion conditions, thereby inducing auto-
phagy. In a recent study in Nature Cell
Biology, Hu et al. (2015) discovered that
TORC1 also blocks autophagy in a
completely different way: it promotes
degradation of ATG gene transcripts.
Given a recent study showing that pro-
tein-RNA interactions are dynamically
changed by nutrient limitation (Freeberg
et al., 2013), Hu et al. hypothesized that
RNA-binding proteins may be involved
in the regulation of autophagy. They
screened RNA-binding protein mutants
of the yeast Saccharomyces cerevisiae
and found that autophagy was enhanced
in cells lacking the RCK-family RNA heli-
case Dhh1 (Presnyak and Coller, 2013).
To monitor autophagy activity, the au-
thors examined vacuolar transport of the
autophagosomal membrane-binding pro-
tein Atg8. During this analysis, they
noticed that not only Atg8 transport but
also its protein levels were increased by
disruption of DHH1. Whereas the expres-
sion of ATG8 was repressed under
nutrient-rich conditions in wild-type cells,
its protein levels were high under these
conditions in DHH1 knockout cells, and
this was due to elevated levels of ATG8mRNA in the mutant cells. The authors
then found that transcripts of most
other ATG genes also increased in the
absence of Dhh1. Given that Dhh1 forms
an mRNA decapping complex with the
decapping enzyme Dcp2 (Presnyak and
Coller, 2013), the authors tested the
effect of a mutation in DCP2. Consistent
with the above results, the authors
observed similar effects on ATG mRNAs
in mutant cells for Dcp2. Importantly,
DHH1 and DCP2 mutations did not
affect the levels of ATG mRNAs under
starvation conditions. These results sug-
gested that the Dcp2-Dhh1 decapping
machinery promotes degradation of ATG
gene transcripts under nutrient-replete
conditions.
Hu et al. then extended their anal-
ysis using the pathogenic yeast Crypto-
coccus neoformans. They confirmed that
knockout of the DHH1 homolog VAD1
led to the expected effects on autophagy
and ATG mRNA levels. ATG8 mRNA was
degraded in the presence of nutrients,
and this degradation was blocked by
nutrient deprivation. However, in cells
lacking Vad1, ATG8 mRNA remained
stable even under nutrient-replete condi-
tions. How might Dhh1/Vad1 promote
the degradation of ATG mRNAs?Developmental Cell 34, July 27Dhh1/Vad1 is known to target
the decapping enzyme Dcp2
to substrate mRNA, and
decapping triggers mRNA
degradation by the Xrn1 exori-
bonuclease (Presnyak and
Coller, 2013). Indeed, in the
current study, the authors
show that Vad1 is required
for decapping of ATGmRNAs.
As with the case of starva-
tion, treatment of cells with
the TORC1 inhibitor rapamy-
cin also blocked degradation
of ATG transcripts in nutrient-
rich medium, suggesting
direct involvement of TORC1
in this mRNA degradation
pathway. Consistent with this
idea, the authors then identi-
fied Ser residues in Dcp2 that
are phosphorylated in a
TORC1-dependent manner.
A series of experiments using
phosphodeficient and phos-
phomimetic mutants for these
Ser residues strongly support
the following model: TORC1-dependent phosphorylation of Dcp2 di-
rects the Dcp2-Vad1 complex to asso-
ciate with ATG transcripts, followed by
degradation of the decapped transcripts
by Xrn1 (Figure 1). Hu et al. further re-
vealed that the same mechanism
works in mammalian cells: mTOR phos-
phorylates DCP2 complexed with DDX6
(a Dhh1/Vad1 homolog) to destabilize
the mRNA of LC3 (an ATG8 homolog),
thereby suppressing autophagy under
nutrient-replete conditions.
Importantly, Hu et al. also investigated
the physiological impact of this new
mechanism for autophagy regulation.
They found that C. neoformans strains
overexpressing Vad1, in which autophagy
was attenuated, failed to survive within
macrophages and exhibited low virulence
in mice. In mammals, autophagy nega-
tively regulates secretion of proinflamma-
tory cytokines, including IL1B, during the
inflammatory response (Shi et al., 2012).
Stimulation with lipopolysaccharide, to
elicit an immune response, was found to
stabilize LC3 mRNA in macrophages,
and the stability of LC3 mRNA was linked
to the phosphorylation state of DCP2 and
the levels of autophagy activity and
IL1B secretion. Moreover, phosphory-
lated DCP2 was increased, and, 2015 ª2015 Elsevier Inc. 133
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Previewsautophagy was attenuated, in peripheral
blood mononuclear cells from a patient
with a mutation in PIK3CD/p110d, which
is associated with overactivation of
mTOR (Lucas et al., 2014). Finally, treat-
ment with rapamycin stimulated auto-
phagy and decreased IL1B secretion in
the patient’s cells. These results suggest
that autophagy regulation by the axis
comprised of TORC1 and the mRNA de-
capping complex is involved in fungal
infection, the immune response, and the
pathogenesis of human diseases.
Thus, Hu et al. revealed a highly
conserved post-transcriptional mecha-
nism in which autophagy gene transcripts
are destabilized by a decapping enzyme
complex activated by TORC1 under
nutrient-rich conditions. Starvation termi-
nates this degradation pathway through
inactivation of TORC1. In concert with
previously described mechanisms that
upregulate transcription of ATG genes in
response to starvation, this mechanism
should allow cells to rapidly induce auto-
phagy under these conditions. Although
Dcp2 is the direct target of TORC1-medi-
ated phosphorylation, it is Dhh1/Vad1/134 Developmental Cell 34, July 27, 2015 ª2DDX6 that associates with substrate
mRNAs. Thus, further analysis will be
required to elucidate how TORC1-depen-
dent phosphorylation leads to the associ-
ation of the Dcp2-Dhh1/Vad1/DDX6
complex with ATG transcripts. Features
in ATG transcripts that are recognized
by this complex also remain to be deter-
mined. Although this study focused on
ATG genes, whose products drive auto-
phagosome formation, other gene tran-
scripts encoding proteins involved in
other steps in autophagy, including auto-
phagosome-lysosome/vacuole fusion
and degradation in lysosomes/vacuoles,
may also be targets for this degradation
pathway. One or more phosphatases
that dephosphorylates Dcp2 to accel-
erate inactivation of this pathway may
also exist. Future studies should address
these interesting issues raised by this
study.
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Chronic inflammation is associated with tumorigenesis, but how acute inflammation affects the tumor micro-
environment is less known. Recently, Antonio et al. (2015) found that neutrophils attracted to an acute wound
such as a biopsy drive cell proliferation of nearby pre-neoplastic cells, suggesting that acute wounds may
promote cancer progression.Cancer is oftendescribedasan ‘‘unhealed
wound,’’ as chronic inflammation is a hall-
mark of the tumor microenvironment. In
fact, unresolved inflammation can pro-
mote tumorigenesis—there are well-
documented links, for example, between
chronic H. pylori infection and stomach
cancer, inflammatory bowel disease and
colon cancer, and chronic hepatitis infec-
tion and hepatocellular carcinoma. In
other cases, however, immunity andinflammation have beneficial effects and
can control tumor growth. Neutrophils
are first responders to sites of acute tissue
damage, but they are also present in
chronicwounds and in the tumormicroen-
vironment, and they have both pro- and
anti-tumor functions (Tecchio et al.,
2013). There remain gaps in our under-
standing of how inflammation influences
the tumor microenvironment and what
factors promote the beneficial or detri-mental effects of neutrophils. In particular,
how do acute wounds, such as tumor bi-
opsies, which are commonly performed
during the diagnosis of cancer, affect can-
cer progression? This question, and the
role of neutrophils in this process, is
elegantly addressed in work published
recently by Antonio et al. (2015) that used
a zebrafish model of RasG12V-induced
neoplasia in skin cells (Feng et al., 2010,
2012; Michailidou et al., 2009).
